The buoyant density of ribosomal DNA is similar in species with or without satellite DNA, and in all species examined was distinguishable from that of the satellite DNA. In melon tis- Because there is little cytological evidence for extrachromosomal DNA replication during plant development and no evidence for massive rDNA amplification (1), the observed correlation between satellite DNA and rDNA in plants requires further examination. The similarity in buoyant density between satellite and rDNA may be fortuitous, for rDNA has a similar density in species containing no satellite DNA (9, 16). Furthermore, a high percentage hybridization with rRNA does not necessarily imply a high redundancy of the rRNA gene, inasmuch as determination of this latter value depends on the size of the genome. In fact, high numbers of rRNA genes are found in species with low percentage hybridization but with large genomes (10, 18). The relationship between satellite DNA, defined as a minor component on neutral CsCl centrifugation, and rDNA has therefore been examined in terms of their respective buoyant densities in a larger range of plant species, and considered in the light of both percentage hybridization and the level of rRNA gene redundancy.
lation between satellite DNA and a high percentage hybridization to ribosomal RNA. Satellite DNAs are defined as minor components after CsCl centrifugation.
The initial observations on satellite DNAs in plants (defined here as minor components after CsCl centrifugation) suggested a relationship between satellite DNA and the sequences coding for rRNA, the rDNA (11) . Three plants containing a satellite component had a higher percentage of rDNA than two plants without, and when the satellite of pumpkin was separated from the mainband by CsCl gradient fractionation, rRNA hybridized mainly to the satellite fraction, accounting for 3.5% of the satellite DNA. An additional satellite, with a much higher bouyant density of 1.722 g cm-3, has also been reported to appear in various plant tissues when maintained under conditions of physiological stress (6, 15) . This stress satellite was interpreted as a massive amplification of rDNA, but subsequent studies have shown that the additional satellite produced in response to at least one of the stress conditions was of bacterial rather than plant origin, having nothing to do with rDNA (13) .
Although it is clear that some satellite DNAs, such as the mouse satellite, have no relationship to the rDNA, rDNA is resolved as a satellite component in certain species. The rDNA satellite accounts for 0.3% of the DNA in Xenopus laevis somatic tissues (3) , but is as much as 30% of the DNA prepared for germinal vesicles (4) , where it is present in several thousand extrachromosomal nucleoli. In both cases approximately 50% of the satellite hybridizes with rRNA. The Dytiscid water beetles also contain a conspicuous mass of extrachromosomal DNA (Giardina's body) in Because there is little cytological evidence for extrachromosomal DNA replication during plant development and no evidence for massive rDNA amplification (1), the observed correlation between satellite DNA and rDNA in plants requires further examination. The similarity in buoyant density between satellite and rDNA may be fortuitous, for rDNA has a similar density in species containing no satellite DNA (9, 16) . Furthermore, a high percentage hybridization with rRNA does not necessarily imply a high redundancy of the rRNA gene, inasmuch as determination of this latter value depends on the size of the genome. In fact, high numbers of rRNA genes are found in species with low percentage hybridization but with large genomes (10, 18) . The relationship between satellite DNA, defined as a minor component on neutral CsCl centrifugation, and rDNA has therefore been examined in terms of their respective buoyant densities in a larger range of plant species, and considered in the light of both percentage hybridization and the level of rRNA gene redundancy.
MATERIALS AND METHODS
DNA was prepared from total tissue by homogenization in a detergent mix followed by chloroform deproteinization. Further purification involved digestion with RNase and pronase, recovery by high speed centrifugation, and purification on a CsCl equilibrium density gradient (16) . All DNA samples were monitored by Model E CsCl analytical centrifugation (19) .
Explants of artichoke (Helianthus tuberosus) were cultured in medium containing 3P orthophosphate or 3H uridine, and seedings of swisschard (Beta vulgaris var. cicla), pea (Pisum sativum), onion (Alliumn cepa), wheat (Triticum aestivum), flax (Linuin usitatissimnumn), maize (Zea inays) and Norway spruce (Picea abies) were grown in water culture in the presence of 32p orthophosphate for 5 to 10 days. Total nucleic acid was prepared and then fractionated by gel electrophoresis, and the cytoplasmic rRNAs, 1.3 x 106 and 0.7 X 106 daltons, were eluted and recovered by high speed centrifugation (16) .
Hybridization was carried out with the denatured DNA fixed to Millipore filters in 6 x SSC (SSC: 0.15 M NaCl, 15 mM sodium citrate, pH 7.2) at 70 C with 2 or 5 /tg mU of rRNA for 4 or 2 hr. respectively (16) . For the determination of the buoyant density of the rDNA, 50 to 100 [kg of DNA was fractionated by CsCl equilibrium gradient centrifugation, each fraction was fixed to a Millipore filter, and the filters were hybridized with rRNA (16) .
The nuclear DNA content of the species was determined by comparative Feulgen photometry (12) of 10 telophase (2 c), or the modal DNA value from 50 interphase nuclei, from 2 replicates of root tips or shoot apices. Measurements were made relative to Allium cepa, containing 33.5 X 10' g DNA per telophase nucleus, respectively (12). With certain gymnosperms the Feulgen staining of root tips was rather variable and determinations were made on isolated nuclei (14). (8) , which also encompasses the density of rDNAs (16) . However, when examined in detail, the peak hybridization of rDNA in melon seed DNA was at 1.711 g cm3, clearly different from the satellite at 1.707 g cm' (Fig. lA) . Similarly, with cucumber gherkin fruit DNA, the peak hybridization of rDNA at 1.708 g cm.3 was denser than 4 3 X 106 mol wt rRNA gene, were denatured at 100 C for 5 min in 0.1 X SSC. The DNA was rapidly cooled, made up to 2 X SSC, and hybridized with 5 mg of 1.3 X 106 mol wt 32P-labeled rRNA (50-fold excess) at 70 C for 1 hr. The mixture was then diluted to 1 X SSC, incubated for a further 3 hr at 60 C, cooled, and together with marker DNAs (melon mainband, 1.692 g cm-3, M. lysodeikticus 1.731 g cm-3) was fractionated by preparative CsCl-equilibrium centrifugation for 66 hr at 35,000 rpm at 25 C in the MSE 50 rotor (continuous scan). Fractions were diluted with 2 ml of 0.1 X SSC, and the radioactivity was determined by Cerenkov counting (histogram). The pellet, containing the free rRNA, was dissolved in 2 ml and similarly counted.
either of the satellites at 1.701 and 1.706 g cm-3 (Fig. 2B) . With certain species, such as flax, satellite DNA is less dense than the mainband, 1.689 and 1.699 g cm-3, while the rDNA was denser at 1.708 g cm-' (Fig. 1C) . In Tulbaghia, which contains no satellite, the rDNA had a density of 1.705 g cm-3 (Fig. 1D) . With the range of plant species analyzed, the density of the peak of hybridization-the rDNA-was often similar but always distinguishable from the density of the satellite component, and was within the same range of r-DNA densities observed in species without satellite DNA (Table I) .
The varying percentage of satellite present in different tissues of melon (14) offered another approach to consider the relationship between satellite DNA and rRNA hybridization. The percentage hybridization of seed DNA, which contained 25% satellite, to rRNA was less than that of the fruit DNA, containing only 18% satellite (Table II) . In fact, the levels of hybridization correlated well with the percentages of the mainband, 75% in seed and 82% in the fruit.
This lack of correlation between the buoyant densities of the satellite and rDNA, and between percentage hybridization and percentage satellite in melon, suggests that the general relationship between satellite DNA and rDNA may be completely fortuitous. In certain species both components have similar base compositions and therefore fractionate at similar positions in a CsCl gradient.
The possibility that rDNA is integrated within the satellite DNA may be tested by CsCl analysis after aqueous hybridization of rRNA with satellite DNA. With large DNA the satellite would become much denser as the result of attached sequences of hybridized rRNA. Satellite and rRNA-DNA hybrid would only be resolved when the size of the DNA analyzed was reduced to approximately half that of the sequence under consideration, i.e. 1 to 1.5 x 106 daltons for the rRNA transcription unit, or 2 to 3 x 108 daltons of double stranded DNA. The hybrid and satellite would of course be resolved in any size of DNA if the rDNA was not an integral part of the satellite. CsCl gradient analysis of a 1.3 x 106 rRNA/melon satellite DNA (double stranded size of 7.20 X 106 daltons) hybridization mixture resolved a broad band of radioactivity at 1.739 g cm', corresponding to the rRNA-DNA hybrid (16) , and pelleted the bulk of the rRNA at the bottom of the tube (Fig. 2) . The satellite DNA was at its normal renatured density of 1.709 g cm-3 (8) . This resolution of hybrid and satellite DNA indicates that for this size of fragment, 7.2 X 106 daltons, the rDNA sequences are not an integral part of the satellite. This suggests that the non rDNA component of the satellite DNA is not dispersed between the rRNA genes, and is not analogous to spacer DNA in the Xenopus rDNA satellite. These results are perhaps consistent with the observation that the rDNA accounts for less than 5% of the satellite in plants, and in water beetles, compared with 50% in Xenopus.
Satellite DNA, rRNA Gene Redundancy and Genome Size. The species analyzed are arranged in Table III Table I . Buoyant Densities of Satellite and rRNAs Buoyant densities of mainband and satellite components were determined from Model E analysis relative to M. lysodeikticus DNA (1.731 g cm-3). The density of the rDNA was determined from the hybridization peak from CsCl-fractionated DNA (Fig.  1) . All the species were hybridized with artichoke rRNA (200-500 X 103 cpm Ag-'). (Fig. 1D) . The results also indicate that gymnosperms in general do not have the very high gene redundancy suggested from the 4 species previously analyzed (7), but cover a range similar to that found with the angiosperms. The hybridization values shown in Table III are with artichoke rRNA, but very similar results were obtained with Norway spruce rRNA, indicating that the very high degree of conservation of the rRNA sequence previously noted for angiosperms (9, 11) extends to the gymnosperms.
Although there is no correlation between high rRNA redundancy and the presence of satellite DNA, the latter does appear to be associated with a higher percentage hybridization to rRNA, although there is some overlap. The lower percentage hybridizations of the satellite-containing species, e.g. orange and melon, are similar to the higher percentage hybridizations of nonsatellite containing DNAs, such as swisschard, Momordica, maize, and N. sylvestris. In this study there was no indication of significant satellite components specific to the diploid Nicotiana species (Fig. 3) 
